Viability of Human Periodontal Ligament Fibroblasts After Storage in Save-A-Tooth, EMT Toothsaver and Hank\u27s Balanced Salt Solution by Lee, Wonhee
Marquette University
e-Publications@Marquette
Master's Theses (2009 -) Dissertations, Theses, and Professional Projects
Viability of Human Periodontal Ligament
Fibroblasts After Storage in Save-A-Tooth, EMT
Toothsaver and Hank's Balanced Salt Solution
Wonhee Lee
Marquette University
Recommended Citation
Lee, Wonhee, "Viability of Human Periodontal Ligament Fibroblasts After Storage in Save-A-Tooth, EMT Toothsaver and Hank's
Balanced Salt Solution" (2016). Master's Theses (2009 -). Paper 362.
http://epublications.marquette.edu/theses_open/362
		
VIABILITY OF HUMAN PERIODONTAL LIGAMENT FIBROBLASTS 
AFTER STORAGE IN SAVE-A-TOOTH, EMT TOOTHSAVER  
AND HANK’S BALANCED SALT SOLUTION 
 
 
 
 
 
 
 
 
 
by 
 
Wonhee Lee, D.D.S. 
 
 
 
 
 
 
 
 
 
A Thesis submitted to the Faculty of the Graduate School,  
Marquette University,  
in Partial Fulfillment of the Requirements for  
the Degree of Master of Science 
 
 
 
 
 
 
 
 
 
Milwaukee, Wisconsin 
 
May 2016
		
ABSTRACT 
 
VIABILITY OF HUMAN PERIODONTAL LIGAMENT FIBROBLASTS  
AFTER STORAGE IN SAVE-A-TOOTH, EMT TOOTHSAVER  
AND HANK’S BALANCED SALT SOLUTION 
 
 
 
Wonhee Lee, D.D.S. 
 
Marquette University, 2016 
 
 
Introduction: Viability of periodontal ligament (PDL) cells is a key prognostic factor for 
a replanted tooth following avulsion. Dehydration results death of PDL cells, which in 
turn causes ankylosis upon replantation, followed by replacement resorption.  
 
 Hank’s Balanced Salt Solution (HBSS) has been recommended as the standard 
storage medium for an avulsed tooth. Save-A-Tooth and EMT Toothsaver (Dentosafe) 
are commercially available tooth storage media. With the best of our knowledge no study 
has yet compared these media for their effective tooth storage times. The aim of this in 
vitro study is to evaluate Save-A-Tooth, EMT Toothsaver (Dentosafe), and HBSS for 
their effect on the viability of human periodontal ligament fibroblast (HPDLF). 
 
Methods: Cultured primary HPDLFs were seeded on 96-well cell culture plates and 
exposed to water (negative control), HBSS, Save-A-Tooth and EMT Toothsaver 
(Dentosafe) at room temperature (22°C) for 0.5, 1, 3, 6, 12, 24 or 48 hours. After each 
exposure time, cell viability was measured by quantifying ATP present using a 
luminescent dye. The data was statistically analyzed by ANOVA and post hoc Least 
Significant Difference (LSD) test (P < 0.05). 
 
Results: There was no difference in cell viability among HBSS, Save-A-Tooth and EMT 
Toothsaver (Dentosafe) groups for up to 6 hours. Save-A-Tooth was effective only up to 
12 hours and then became detrimental to HPDLF; at 24 and 48 hours, the effectiveness of 
Save-A-Tooth was similar to that of water. Starting from the 24-hour time-point, EMT 
Toothsaver (Dentosafe) was more effective than any other tested media. The number of 
viable cells exposed to EMT Toothsaver (Dentosafe) and HBSS increased between the 
24- and 48-hour time-points. 
 
Conclusions: EMT Toothsaver (Dentosafe) is the best tooth storage medium among the 
tested media, although HBSS was similarly effective. Save-A-Tooth is not suitable to 
store an avulsed tooth for greater than 6 hours. 
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INTRODUCTION 
 
  Dental trauma most prevalently involves anterior teeth (1) with an overjet greater 
than 3-5 mm in boys (1, 2). Trauma to permanent dentition may result in as simple as 
concussion of the involved teeth and as complicated as alveolar fracture. Treatment of 
some of the injuries, such as crown fracture with pulpal exposure, root fracture, intrusion, 
and avulsion, may require endodontic intervention (3).  
 Tooth avulsion is defined as a complete displacement of a tooth from its alveolar 
socket due to a traumatic injury (4). A reported incidence rate of the tooth avulsion 
ranges from 0.5 to 9 % of all dental trauma in permanent dentition (5, 6). Traffic accident, 
fall, and sporting activity have been reported to be the three most frequent incidents that 
led to avulsion of incisors in children (7).  
 Recent independent clinical guidelines by American Association of Endodontists 
(AAE) (3), American Academy of Pediatric Dentistry (AAPD) (4), and International 
Association of Dental Traumatology (IADT) (8) recommend replanting the avulsed tooth 
with follow-up visits. When treated properly, the survival rate of replanted teeth was 70% 
with the follow-up period of up to 20 years (9).  
 Some difference exists between a permanent tooth with an open apex and one with 
a closed apex in managing avulsion (3, 8, 10) due to the fact that the tooth with an apex 
greater than 1mm in diameter has the potential to revascularize (11). Overall rate for the 
replanted teeth with an open apex to establish complete revascularization was 18% (11) 
(12). The chance of revascularization was increased to 41% by soaking the immature 
tooth in 1% doxycycline solution for 5 minutes before replantation (13). This extra step is 
therefore recommended for the avulsed tooth whose root is not yet fully formed (3, 8, 10)    
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 The other important factor that affects the treatment of an avulsed tooth is extra-
alveolar dry time, or the time between when the tooth was avulsed and when it was 
placed in either alveolar socket or a storage medium. When the extra-alveolar dry time is 
greater than 60 minutes, the tooth needs to be pre-conditioned with either mechanical or 
chemical (3% citric acid) debridement of periodontal ligament (PDL) tissues followed by 
5- to 20-minute immersion in 1.23 to 2% sodium fluoride before replantation (3, 8, 10) in 
order to maximize the survival rate of the replanted tooth (14) 
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LITERATURE REVIEW 
 
Cemental/PDL Healing 
 An avulsion injury itself only causes little damage to the cemental layer along with 
tearing of the PDL (15). An examination of denuded root surface with scanning electron 
microscope revealed that macrophage-like cells rapidly colonized the exposed dentin 
surface and resorbed the dentin. Gradually, fibroblast-like cells ingrew from the 
periphery of the exposed area and inhibited the resorption, limiting the surface area of the 
defect localized. The entire surface of the damaged root was covered by cementoblasts by 
the 6th week (16). When this occurs, cemental healing with new cementum and PDL 
reattachment, with sign of surface resorption, is likely to take place upon replantation 
with favorable prognosis (15) 
Replacement Resorption: The Most Prevalent Complication 
 The most significant and prevalent complication after the replantation of the 
avulsed tooth is external root resorption, predominantly replacement resorption preceded 
by ankylosis (9, 17-20). Andreasen and Hjorting-Hansen observed clinically and 
radiographically 110 avulsed then replanted teeth with the follow-up period from 2 
months to 13 years. Three distinct fates of the teeth were noted by the authors: 21 teeth 
healed, 44 showed replacement resorption, and 39 had inflammatory resorption (17). In a 
clinical study of 400 replanted teeth after avulsion, 243 (61%) of them were diagnosed 
with replacement resorption, whereas inflammatory resorption occurred in 120 (30%) of 
the teeth (9). Kinirons et al. found 40 teeth with replacement resorption and 22 teeth with 
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inflammatory resorption out of 84 avulsed and replanted teeth, with the minimum follow-
up of 2 yrears (18). Chappuis and von Arx followed 45 replanted teeth after avulsion for 
1 year and found 95.6% survival rate, but 13 (28.9%) teeth with replacement resorption 
and 3 (6.7%) with inflammatory resorption were also observed (19). A 2011 study by 
Werder investigated 42 replanted permanent incisors with average follow-up of 2.8 years. 
The authors found 83.3% survival rate (35/42 teeth), and 21 cases of replacement 
resorption and 1 surface resorption (20). 
Ankylosis and Replacement resorption 
 Clinical signs of ankylosis between the replanted tooth and the alveolar bone are 
arrested normal eruption, immobility of the tooth, and high-pitch percussion sound (17). 
Once the dentoalveolar ankylosis occurs, physiological bone remodeling results in root 
resorption by the osteoclasts, followed by bone, instead of dentin, deposition (21, 22). 
Over time, the entire root will be resorbed and replaced by bone, ultimately resulting in 
loss of the tooth (17). 
Viability of PDL Cells: Most Critical Prognostic Factor 
 One of the most critical prognostic factors for the avulsed teeth is the viability of 
PDL cells at the time of replantation (9, 23). In an animal study using monkeys and dogs, 
Loe and Waerhaug showed in 1961 that replantation of extracted teeth with necrotic PDL 
led to ankylosis, whereas the vital PDL always allowed normal periodontal attachment 
between the replanted teeth and alveolar bone (23). In fact, Andreasen et al. found in a 
clinical investigation that all the significant factors for healing of the replanted teeth (i.e. 
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root development status, extra-alveolar dry time, immediate replantation, and wet storage 
time) had the common denominator: viability of the PDL cells (9).     
Extra-alveolar Dry Time Affects Viability of PDL Cells 
 In turn, the viability of PDL cells depends on extra-alveolar dry time (24, 25). After 
60 minutes of dry storage, very few PDL cells remained vital (25), and there was no 
viable PDL cells left after 120 minutes, as demonstrated in animal studies (23, 25) and in 
vitro studies using cultured PDL cells (24).  
Explanation of Why Drying Causes Ankylosis 
 Unlike the situation where cemental healing can occur as described above, when a 
tooth is avulsed and is kept in dry condition, PDL cells over an extended area will be 
damaged and result in severe inflammatory response (15). With a large enough area of 
damage, osteoblasts may reach the area before slowly-growing cementoblasts can cover 
the entire damaged surface (15, 22). Osteoblasts covering some areas of the root will 
subsequently result in direct attachment of bone to the exposed dentin, causing 
dentoalveolar ankylosis (15, 26). Andreasen and Kristerson showed with monkey teeth 
that lesions greater than 9 mm2 on the root surface resulted in persisting ankylosis, while 
smaller lesions, 1 mm2 and 4 mm2, had transient ankylosis that disappeared after 8 weeks 
(27). 
Therefore, Extra-Alveolar Dry Storage Affects Prognosis 
 The duration of extra-alveolar dry storage, therefore, has direct impact on healing 
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of replanted teeth following avulsion. A positive correlation between extra-alveolar dry 
time and the incidence of ankylosis and replacement resorption has been demonstrated by 
a number of published studies (9, 19, 20, 25, 27-30). In 1975, Cvek et al. showed in a 
human subject study that all of the avulsed teeth that were kept dry for 60 minutes or 
more showed signs of ankylosis after replantation, whereas the incidence rate dropped to 
60% with 15 minutes or longer extra-alveolar dry time, and only 13% had ankylosis if the 
duration was less than 15 minutes (28). In 1981, Andreasen evaluated the effect of extra-
alveolar dry period on healing after replantation in monkeys and found significantly 
higher frequency of replacement resorption in teeth that were dried for 30 minutes or 
longer (25). In a follow-up study with monkeys, Andreasen and Kristerson dried only a 
portion of roots and showed histologically that the area of ankylosis corresponded to the 
dried area (27). In 1982, Matsson et al. presented a significant increased risk of ankylosis 
from 25% to 50% in dog teeth that were dried for 30 minutes and 60 minutes, 
respectively, prior to replantation (29). Trope and Friedman found that 89% of replanted 
dog teeth with 60 minutes of dry storage suffered from replacement resorption (30). In 
the aforementioned clinical study with 400 teeth, Andreasen et al. found a negative 
relationship between extra-alveolar dry time and chance of PDL healing (9). In 2005, 
Chappuis and von Arx published a study after following 45 replanted teeth for 1 year. 
The study confirmed a strong relationship between dry storage time and occurrence of 
replacement resorption. With the extra-alveolar dry time less than 15 minutes, 9.5% of 
replanted teeth showed replacement resorption, and the dry time between 15 and 60 
minutes increased the incidence rate to 38.5%. All of the teeth that were dried for longer 
than 60 minutes were diagnosed with replacement resorption (19). Similar results were 
		
7	
found by the same group of investigators in a study with a different group of patients. 
The number of the samples was 42 and the median follow-up period was 2.8 years. 
Incidence rate of replacement resorption were 25%, 68% and 100% with the teeth that 
were dry stored for less than 15 minutes, between 15 and 60 minutes, and greater than 60 
minutes, respectively (20).   
Immediate Replantation 
 The most favorable condition for survival of the avulsed tooth is achieved by 
immediate replantation (9, 17, 30). In a study of 110 human avulsed teeth, 90% of cases 
showed no sign of resorption if replanted within 30 minutes, while delayed replantation 
resulted in significantly more cases with root resorption (17). Trope and Friedman 
showed in a study with dog teeth that none of immediately replanted teeth experienced 
root resorption (30). The abovementioned study of 400 replanted human teeth by 
Andreasen et al. found that immediate replantation was one of the strongest factors that 
significantly influenced the fate of the teeth. Authors found 85-97% healing rate with the 
immediate replantation and recommend avulsed teeth to be immediately replanted 
irrespective of maturity of roots (9).     
Not Always Possible 
 However, immediate replantation is not always possible due to fear or lack of 
specific knowledge (6, 31-35). It has been reported that more than 80% of survey 
participants felt that they were lack in knowledge and training to replant an avulsed tooth 
by themselves (31). An interview of 221 schoolchildren in Kuwait has revealed that few 
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children had knowledge that an avulsed tooth could be replanted, why it needs to be 
replanted, or how to clean the tooth before replantation. None of the respondents 
demonstrated full knowledge of extra-alveolarl dry time or storage media (6). Of 553 
pool attendants in Switzerland, none of them mentioned immediate replantation as the 
first aid treatment for an avulsed tooth (34). Surveys have shown that only 15.8% of 
Polish amateur boxers (35) and about a half of Swiss basketball players (32) and 
mountain bikers from Germany, Italy, Austria and Switzerland (33) were aware that an 
avulsed tooth could be replanted or that immediate replantation was the best treatment 
option. In some cases, management of concomitant injuries, such as soft tissue laceration, 
alveolar fractures, and skeletal fractures, may delay replantation of an avulsed tooth, as 
shown in an article by Petrovic et al. (7). 
Storage Media 
 The avulsed tooth, when it cannot be replanted immediately, needs to be stored in a 
suitable storage medium until it can be replanted by a dentist in order to prevent damage 
of PDL cells due to dryness. Petrovic et al. found in a prospective clinical study with 62 
avulsed teeth that delayed replantation following unphysiological storage led to a high 
chance of root resorption and tooth loss (7). It has been suggested by Malhotra that a 
tooth storage medium should maintain viability as well as clonogenic and mitogenic 
capacity of PDL cells; have physiological osmolality and pH; induce no antigen-antibody 
reactions; and demonstrate antimicrobial activity (36). 
Water 
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 Water has a hypotonic osmolality with 3-4 mOsm/kg (37) and causes cell damage 
and lysis (38). Replanting avulsed teeth that were stored in tap water resulted in the high 
incidence rate of replacement resorption (25). Water is, therefore, considered as the least 
favorable tooth storage medium (39) and should be avoided (8).    
Hank’s Balanced Salt Solution 
 Hank’s Balanced Salt Solution (HBSS) is recommended by AAE, AAPD and IADT 
as the standard storage medium for an avulsed tooth (3, 4, 8). HBSS is sterile and 
contains essential nutrients, (40) including sodium chloride, D-glucose, potassium 
chloride, sodium bicarbonate, potassium phosphate, calcium chloride, magnesium 
chloride and magnesium sulfate (41). Its pH is physiologic at 7.2-7.4 (41-44) and its 
osmolality, 275-284 mOsm/kg (38, 42-44), is suitable for cell growth (45).  
 Several studies have shown that HBSS can preserve the viability of PDL cells for 
an extended period of time (42, 46) ; promote proliferation (47) and high mitogenicity 
(46) of PDL cells; and is beneficial to PDL cells that were initially stored in the dry 
condition (48-50) or in saliva (51). Cells stored in HBSS had better cell integrity than 
those in milk, saline or saliva (52). In addition, animal studies have demonstrated that 
storing extracted teeth in HBSS resulted in high rates of healing upon replantation (30, 
53). 
 The main drawback of HBSS as a tooth storage medium is its limited availability to 
the public at or near the site of incidences of tooth avulsion (47).  
Save-A-Tooth  
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 Krasner introduced an emergency tooth preserving system using HBSS (54) and it 
is now commercially available as Save-A-Tooth (Phoenix-Lazerus, Inc., Shartlesville PA, 
USA). The Save-A-Tooth system includes a sealed container filled with HBSS and a 
suspension net that protects an avulsed tooth as it is dropped into the system (41). HBSS 
in Save-A-Tooth has a pH of 6.4-7.2 (37, 55) and osmolality of 275 mOsm/kg (37).  
 Regardless of positive responses shown in an initial survey report (41), more recent 
studies have found rather disappointing results with Save-A-Tooth (37, 55-58). Several in 
vitro studies have shown that Save-A-Tooth had a similar damaging effect on PDL cells 
as dry storage after an 8-hour exposure (56); was similarly detrimental to PDL cells as 
water was after 24 hours at the room temperature (55, 57) or 72 hours at 5 ℃ (58); and 
was inferior to regular and long shelf-life milk (37), skimmed milk, Minimum Essential 
Media (MEM) (55), and HBSS (55, 57, 58) in preserving PDL cell viability.  
EMT Toothsaver (Dentosafe) 
 Special Cell Culture Medium (SCCM) is a medium based on Roswell Park 
Memorial Institute (RPMI) medium, formulated particularly for the storage of an avulsed 
tooth that contains inorganic salts, amino acids, vitamins, glucose, and special 
preservatives (59). A tooth rescue box containing SCCM is commercially available as 
Dentosafe (Medice Arzneimittel Pütter GmbH & Co. KG, Germany) in Europe and as 
EMT Toothsaver (SmartPractice.com, Phoenix, AZ, USA) in the USA.  
 In vitro studies have demonstrated that SCCM maintains proliferative activity of 
PDL cells for up to 48 hours (59) and viability of pulp cells better than HBSS for a time 
period longer than 24 hours (59, 60). Case series studies have exhibited a 75-100% rate 
		
11	
of periodontal healing with teeth that were stored in EMT Toothsaver (Dentosafe) before 
replantation (20, 61-63).    
Purpose 
 With aid from a coordinator of E-Resource Management at Raynor Memorial 
Libaries, Marquette University, a vigorous electronic search was made in PubMed and 
Google Scholar database. The reference lists of studies and review articles were also 
checked. To the best of our knowledge, after vigorous serach on Pubmed and no study 
has yet compared the two commercially available tooth storage media, namely Save-A-
Tooth and EMT Toothsaver (Dentosafe), for their effective tooth storage times. The aim 
of this in vitro study is to evaluate Save-A-Tooth, EMT Toothsaver (Dentosafe), and 
HBSS for their effect on the viability of human periodontal ligament fibroblasts (HPDLF) 
using a highly sensitive ATP assay. 
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MATERIALS AND METHODS 
 
Institutional Review Board Approval  
This in vitro experimental design using cultured periodontal ligament fibroblasts (PDLF) 
obtained from human extracted teeth was approved by the Graduate School, Marquette 
University (Milwaukee, WI, USA), and an exemption status was granted by the 
Institutional Review Board of Marquette University. 
 
Storage Media Preparation 
 Sterile HBSS with calcium and magnesium (Exp 01/2017; Corning Inc., Corning, 
NY, USA) (Figure 1), Save-A-Tooth, (Exp 01/2018) (Figure 2), and EMT Toothsaver 
(Dentosafe) (Exp 11/2016) (Figure 1) were purchased and stored at room temperature 
(22 °C) (HBSS) or at 4 °C (Save-A-Tooth and EMT Toothsaver (Dentosafe)) in 
accordance with the manufacturers’ instructions. 
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Figure 1 – Hank’s Balanced Salt Solution (HBSS) with calcium and magnesium (left) 
and EMT Toothaver (Dentosafe) (right) 
 
 
       
Figure 2 – Save-A-Tooth with lid closed (left) and lid open (right). Suspension net 
and HBSS is inside the container. 
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Determination of pH and Osmolality 
 For each tooth storage medium and distilled water, pH level was measured with 
SevenExcellence pH Meter (Mettler Toledo, Columbis, OH, USA) (Figure 3) and the 
osmolality was obtained with Vapro model 5600 Vapor Pressure Osmometer (EliTech 
Group, Princeton, NJ, USA) (Figure 3).  
 
Figure 3 – pH Meter (left) and osmometer (right) 
 
Cell Culture of Human Periodontal Ligament Fibroblasts 
 All procedures of cell culture were completed in a laminar flow tissue culture hood 
with proper aseptic techniques. 
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 The HPDLF was obtained from the Department of Developmental Sciences, 
Marquette University (the original primary cells were purchased from ScienCell Research 
Laboratories, Carlsbad, CA, USA).  
 After 2 days of incubation at 37 ℃ in a humidified atmosphere of 5% CO2 and 95% 
air, the HPDLF was re-fed with Eagle’s MEM (EMEM) supplemented with 10% fetal 
bovine serum (FBS; VWR, Radnor, PA, USA), 1% penicillin (10,000 units/ml) and 
streptomycin (10,000 µg/ml) (PS; VWR, Radnor, PA, USA), 1% amphotericin (250 
µg/ml) (A; Amresco LLC, Solon, OH), and 5mM L-Glutamine (L; Amresco, Solon, OH, 
USA) (EMEM-FBS-PS-A-L).  
 When the cells reached approximately 90% confluency, the cells were observed 
under a microscope (Evos FL Auto Imaging System, Life Technologies, Grand Island, 
NY, USA) to confirm fibroblast-like phenotypes (Figure 6). The cells were then 
trypsinized and subcultured with the following steps: The cells were rinsed with 
Dulbecco’s Phosphate Bufered Saline (DPBS, Global Cell Solutions, Inc., Charlottesville, 
VA, USA), and TrypLETM Express Enzyme (Invitrogen, Carlsbad, CA, USA) was added 
to the flask. After a gentle rocking of the flask, the cells were incubated at the 37 °C in 5% 
CO2 and 95% air for 5 minutes. When the cells rounded up, as observed under the 
microscope, TrypLETM Express Enzyme was neutralized by adding EMEM-FBS-PS-A-L 
that had been pre-warmed to 37 °C (Figure 7). The cell suspension was transferred to a 
15 mL conical tube (Greiner Bio-One, Monroe, NC, USA) and was centrifuged at 100 x g 
for 5 minutes. The cell pellet was re-suspended in the pre-warmed EMEM-FBS-PS-A-L. 
The cell suspension was transferred into a new 75 cm2 tissue culture flasks (Greiner Bio-
One, Monroe, NC, USA) and incubated at 37 °C in 5% CO2 and 95% air. The cells were 
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re-fed with EMEM-FBS-PS-A-L every 3-4 days and incubated until the cell outgrowth 
was 90% confluent, which was then trypsinized and subcultured as described above. 
 
 
Figure 4 – Fibroblast-like phenotypes of cultured human periodontal ligament 
fibroblasts (HPDLF) 
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Figure 5 – Rounded HPDLF post-trypsinization 
 
Exposure of Cells to the Tooth Storage Media 
 The cells of the third passage were used for the experiment. Cells were detached 
from the flask surface using TrypLETM Express Enzyme as described above. After 
resuspension of centrifuged cell pellet in EMEM-FBS-PS-A-L, the number of cells were 
counted via trypan blue exclusion staining. 96-well tissue culture plates (Corning Inc., 
Corning, NY, USA) were prepared with 5x103 cells per well and then incubated at 37 °C 
in 5% CO2 and 95% air for 24 hours to allow the cells to attach to the plates. 
 On the day of treatment, the cell culture medium in each well was replaced with 
100 µl of one of the four tooth storage media. HBSS, Save-A-Tooth and EMT Toothsaver 
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(Dentosafe) were the testing media and distilled water served as a negative control 
(Figure 8). The cells were then incubated at room temperature (22 °C) for 0.5, 1, 3, 6, 12, 
24 or 48 hours (Figure 9). 
 
 
Figure 6 – HBSS, Save-A-Tooth, EMT Toothsaver (Dentosafe) and distilled water  
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Figure 7 – Media added to HPDLF in a 96-well plate, exposed for 30 min. at 22 °C. 
 
Assessment of Cell Viability using an ATP Assay   
 After each exposure time, the viability of HPLDF was determined by quantifying 
the ATP present using CellTiter-Glo® Luminescent Cell Viability Assay (Promega Co., 
Madison, WI) (Figure 10). 100µl of CellTiter-Glo® Reagent was added to each well with 
cells in a tooth storage medium, and the plates were incubated at room temperature 
(22 °C) for 10 minutes to stabilize the luminescent signal. The luminescent signal in the 
unit of Relative Light Unit (RLU) for each sample was measured using SynergyHTX 
Multi-Mode Reader (BioTek Instruments, Inc., Winooski, VT, USA)(Figure 11). 
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Figure 8 – CellTiter-Glo® Luminescent Cell Viability Assay kit  
 
Figure 9 – Luminescence Reader 
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Serial Dilution 
 In order to correlate the actual number of metabolically active cells with the 
obtained luminescent signal value, a serial dilution of cells was made in a separate 96-
well tissue culture plate. The ATP assay using CellTiter-Glo® Luminescent Cell 
Viability Assay was run with the cells that were serially diluted from 10,000 to 0 cells. 
 
Statistical Analysis 
 Statistical analysis of the data was accomplished using IBM SPSS Statistics 
Version 23 (SPSS In., Chicago, IL, USA). A two-way ANOVA was used to analyze the 
effects of different media and storage time on cell viability; LSD was used for post hoc 
analysis. P-values less than 0.05 were considered significant. 
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RESULTS 
 
  
Osmolality and pH of Media 
 The osmolality and pH values of all tested media are summarized in Table 1. The 
osmolality of HBSS, Save-A-Tooth, and EMT Toothsaver (Dentosafe) were 279, 295, 
and 331 mOsmol/kg, respectively, and all of them were within the physiological range. 
The osmolality of distilled water was 0 mOsmol/kg.  
 The pH levels of all four media were close to the physiological level, with that of 
EMT Toothsaver (Dentosafe) being the closest, followed by HBSS, Save-A-Tooth, and 
water. 
 
 
HBSS SAT EMT Water 
pH 8.021 6.568 7.3 6.193 
Omolality (mOsmol/kg) 279 295 331 0 
 
Table 1 – Osmolality and pH values of tested media 
 
Luminescent Signal and Cell Number  
 A linear relationship (r2  =0.987) was observed between the luminescent signal and 
the number of cells from 0 to 10,000 cells per well (Figure 12). The luminescent signal 
from 5x103 HPDLF is greater than 700 times the background signal from medium 
without cells. 
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Figure 10 - Luminescence signal (RLU) vs. cell numbers from serial dilution 
 
Comparison of Luminescence Signal among Different Media Groups Over Time 
 The results of the luminescent signal readings, which represent metabolically active 
viable cells, at different time points in each medium are shown in Table 2 and Figure 11. 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Medium Time Avg RLU Avg Cell # 
HBSS 0.5 6543 5449.796 
SAT 0.5 6415.4 5351.544 
EMT 0.5 6614.6 5504.928 
Water 0.5 2498 2335.146 
HBSS 1 6933.4 5750.404 
SAT 1 7334.6 6059.328 
EMT 1 7499.4 6186.224 
Water 1 1857.2 1841.73 
HBSS 3 6915.6 5736.698 
SAT 3 6454.4 5381.574 
EMT 3 6700.2 5570.84 
Water 3 696.2 947.76 
HBSS 6 6059.8 5077.732 
SAT 6 5872.4 4933.434 
EMT 6 6623 5511.396 
Water 6 173.4 545.204 
HBSS 12 5894.8 4950.682 
SAT 12 4282.6 3709.288 
EMT 12 6665.2 5543.89 
Water 12 62 459.426 
HBSS 24 5761 4847.656 
SAT 24 92 482.526 
EMT 24 6899.8 5724.532 
Water 24 30.4 435.094 
HBSS 48 7265.2 6005.89 
SAT 48 65.4 462.044 
EMT 48 8860.8 7234.502 
Water 48 20.2 427.24 
 
Table 2 - Average RLU and cell counts converted by linear regression model at 
different time points in each medium  
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Figure 11 - Average luminescent signal of different media over time  
 
 A significant difference in luminescent signal existed among media when compared 
over all time points. The HPDLF in EMT Toothsaver (Dentosafe) showed the highest 
luminescent signal, followed by HBSS and Save-A-Tooth. The cells treated with water 
had the lowest luminescent signal overall. Each of these differences were statistically 
significant (p-value < 0.001). 
 At the 0.5-, 1-, 3-, and 6-hour time points, the HPDLF in water emitted a 
statistically significant lower luminescent signal than those in other media (p-value 
<0.001). At the 0.5-, 1-, 3-, and 6-hour time points, there was no significant difference 
between the other media. See Table 3 for p-value ranges. 
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Time Point Lowest p-value Highest p-value 
0.5 0.604 0.852 
1 0.261 0.739 
3 0.251 0.586 
6 0.095 (EMT > SAT) 0.664  
 
Table 3 – p-Value ranges for different time points 
 
 After 12 hours of exposure, significantly lower value of luminescent signal was 
observed in the HPDLF of Save-A-Tooth group when compared to EMT Toothsaver 
(Dentosafe) (p-value < 0.001) and HBSS (p-value < 0.01) groups; Save-A-Tooth was still 
significantly higher than water, however (p-value < 0.001). There was no significant 
difference between EMT Toothsaver (Dentosafe) group and HBSS group (p-value = 
0.071). The HPDLF in water showed the lowest luminescent signal (p-value < 0.001). 
 At the 24- and 48-hour time points, no significant difference existed between the 
values of luminescent signal from the HPDLF in water and Save-A-Tooth (p-value at 24 
hours = 0.867; p-value at 48 hours = 0.897). EMT Toothsaver (Dentosafe) group had the 
highest luminescent signal readings (p-value < 0.001), followed by HBSS. The cells of 
the HBSS group showed a significantly higher luminescent signal than Save-A-Tooth or 
water group (p-value < 0.001). 
 
Comparison of Luminescence Signal Over Time in Each Media 
 
EMT Toothsaver (Dentosafe) 
 The recorded luminescent signal was similar at the 0.5-, 3-, 6-, 12-, and 24-hour 
time points (p-values range from 0.515 to 0.985); the recorded luminescent signal at the 
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1-hour time point just misses also being similar to these time points (p-values range from 
0.050 to 0.177). The recorded luminescent signal was significantly higher at the 48-hour 
time point, however (p-value < 0.01) (Figure 14). 
 This means that EMT Toothsaver (Dentosafe) maintained basically the same 
luminescent signal strength until the 48th hour, at which time the luminescent signal 
strength increased significantly.  
 
 
 
Figure 12 - Average luminescent signal of EMT Toothsaver group over time 
 
HBSS 
 The recorded luminescent signal was similar at the 0.5-, 1-, 3-, 6-, 12-, and 48-hour 
time points (p-values range from 0.069 [time-point 48] to 0.338); time-points 0.5 and 24 
are very nearly not different (p-value = 0.050), so it could be argued that the signal 
strength at all time-points were similar to the signal strength at time point 0.5. The 
recorded luminescent signal was similar at the 1-, 3-, and 48-hour time points (p-values 
range from 0.316 to 0.963), and at the 6-, 12-, and 24-hour time points (p-values range 
010002000
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0.5h 1h 3h 6h 12h 24h 48h
EMT
EMT
		
28	
from 0.216 to 0.669), but those two groups were significantly different from one another 
(p-values range from 0.004 to 0.033); the luminescent signal was stronger in the 1-, 3-, 
and 48-hour group (Figure 15).  
 This means that HBSS’s signal at the 0.5-hour time point is “in the middle”; that 
HBSS’s signal starts at a mid-range value at the 0.5-hour time point. At the 1- and 3-hour 
time points, the luminescent signal strength has increased somewhat, and, by the 6-, 12-, 
and 24-hour time points, the signal strength has decreased significantly from the “new 
high.” But, again, at the 48-hour time point, the signal strength increases significantly 
from the “new low” to an all-time high, although that high is not universally statistically 
significant.  
 
 
 
Figure 13 - Average luminescent signal of HBSS group over time 
 
Save-A-Tooth 
 The luminescent signal at 0.5, 1, and 3 hours had the highest value and they were 
not significantly different from each other (p-values range from 0.162 to 0.924). All other 
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values showed some significance. The values at 24 and 48 hours were the lowest and 
there was no significant difference between them (p-values = 0.948).  
 The luminescent signal significantly increased from the 0.5- to 1-hour time point 
(p-value < 0.001). The signal strength then returned to the 0.5-hour level at the 3-hour 
time point, and remained there through the 6-hour time point. The signal strength again 
decreased significantly by the 12-hour time point (p-value < 0.01), and decreased 
significantly again by the 24-hour time point (p-value < 0.001). The signal strength 
remained the same between the 24- and 48-hour time points (Figure 16).  
 
  
      
Figure 14 - Average luminescent signal of Save-A-Tooth group over time 
 
Water   
 Within the water group, the highest values of luminescence occurred at 0.5- and 1-
hour time points; these values were not significantly different (p-value = 0.097). The 
remainder of the time points had statistically similar luminescence signal values (p-values 
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range from 0.081 to 0.978), which were significantly lower than those at the 0.5- and 1-
hour time points (p-value < 0.01) (Figure 17). 
 
 
 
Figure 15 - Average luminescent signal of water group over time 
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DISCUSSION 
 
 
Extra-alveolar dry time is one of the prognostic factors for teeth replanted 
following avulsion (9). Thus it is important to store and transport avulsed teeth in a 
suitable medium, if immediate replantation is not feasible (9, 10, 30). HBSS is regarded 
as a standard tooth storage medium (3, 4, 8), and its commercial version is available in 
the USA as Save-A-Tooth. EMT Toothsaver (Dentosafe) is a commercial tooth storage 
medium that is widely used more in European countries (64). The present study was 
conducted in order to compare EMT Toothsaver (Dentosafe) with Save-A-Tooth and 
HBSS, in terms of their effects on viability of HPDLF as a function of exposure time.  
 
Study Design 
For this study, the HPDLF were cultured and the fibroblast-like phenotypes were 
confirmed under a microscope. The experiment was designed specifically with fibroblasts, 
because epithelial-like cells observed in the primary cell culture would not survive the 
passaging and only the fibroblast-like cells would remain in the subcultures (52).  
In the present study, the cultured HPDLF were stored in HBSS, Save-A-Tooth, 
EMT Toothsaver (Dentosafe), and distilled water for up to 48 hours at the room 
temperature (22 °C). The storage time periods from 30 minutes to 48 hours were used in 
this experiment as they were considered clinically relevant. 
The number of viable, metabolically active HPDLF were determined by 
quantifying ATP present. The Cell-Titer Glo® Luminescent Cell Viability Assay is 
composed of CellTiter-Glo® Buffer and lyophilized CellTiter-Glo® Substrate. They 
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form a homogenous reagent (CellTiter-Glo® Reagent) upon mixture, which is then 
directly added to cultured cells in medium. The buffer causes cell lysis and contains 
inhibitors of endogenous enzymes, such as ATPase and protease, released from lysed 
cells. The substrate contains a thermostable luciferase developed from genes of firefly, 
Photuris pennsylvanica (LucPpe2). The luciferase reacts with ATP extracted from 
metabolically active cells to generate a luminescent signal as a byproduct (65). This 
method of evaluating the cell viability has an advantage over the widely used trypan blue 
exclusion test in that it can characterize the metabolic condition of the cells, enabling this 
in vitro study to be more clinically relevant. In comparison, the trypan blue exclusion test 
can only differentiate the cells with intact plasma membrane from the cells without. 
Ashkenazi et al. proved that the clinical functionality of the storage media did not 
correlate with the viability assessed by the trypan blue exclusion test (46).  
In this study, a known number of viable, active HPDLF was serially diluted, and 
the assay was performed in order to relate the value of luminescent signal to the number 
of cells. A linear relationship (r2=0.987) was found from the data, and it indicates that the 
amount of ATP, represented by the luminescent signal, is directly proportional to the 
number of metabolically active cells. This is in agreement with a previous report (66) and 
the manufacturer’s claim (65). 
 
EMT Toothsaver and HBSS vs. Save-A-Tooth 
The results of this study suggest that EMT Toothsaver (Dentosafe) and HBSS are 
effective and superior tooth storage media than Save-A-Tooth especially when an avulsed 
tooth has to be stored for an extended period of time. Up to 6 hours of storage, EMT 
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Toothsaver (Dentosafe), Save-A-Tooth and HBSS showed no statistical difference among 
them, and all of them were efficient in keeping HPDLF metabolically active. After 12 
hours of exposure and onward, however, the cells stored in Save-A-Tooth showed lower 
viability than those in EMT Toothsaver (Dentosafe) or HBSS. Starting from 24 hours and 
up to 48 hours, the cell viability of the HPDLF stored in Save-A-Tooth was statistically 
not different from that of water, the negative control. Water had a detrimental effect on 
viability of the HPDLF only after 30 minutes of storage. Less than a half of the total 
number of cells survived after 30 minutes, and by 24 hours, less than 9% of cells. This 
detrimental effect of Save-A-Tooth on the HPDLF after 24 hours, as demonstrated in this 
study, agrees with past published studies by Souza et al. (55, 57, 58). It was found that 
the effect of Save-A-Tooth on the HPDLF was similar to that of water after 24 hours of 
storage at 20 °C (55, 57) and 37 °C (55) or after 72 hours at 5 °C (58) 
 
Save-A-Tooth vs. HBSS 
The Save-A-Tooth system contains HBSS (41). Therefore, the media obtained 
from the Save-A-Tooth container should behave similarly to HBSS. The present study, 
however, revealed the strikingly contradictory results. While HBSS successfully 
maintained the viability of the HPDLF throughout the observation periods, Save-A-Tooth 
was not effective after 6 hours of storage. Souza et al. also found that Save-A-Tooth 
constantly performed inferiorly to HBSS, regardless of the storage temperature (55, 58), 
sterility (55) or freshness (57) of the media only after a short period of storage times. The 
authors suggested that such disparities between the two media with the same components 
might be attributed to the possibility that the concentration of the components are 
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different for each medium (55, 57). The study that first introduced Emergency Tooth 
Preserving System, which was later renamed to Save-A-Tooth, described the formulation 
of HBSS that was used to make the system (54). This was cross-referenced with the 
documented formulations of HBSS from three different distributors and manufacturers 
(ThermoFisher Scientific Inc., Sigma-Aldrich Co. LLC., and VWR International) in order 
to find a feasible explanation for the discrepancy between the two tested media. Indeed, 
differences in composition and concentrations among the four different versions of HBSS 
were noted (41, 67-69). These differences could explain why Save-A-Tooth was not able 
to maintain the viability of the HPDLF as well as HBSS in the present in vitro 
investigation. Further investigations will be necessary to confirm this hypothesis and 
whether this would have a clinical impact. 
 
EMT Toothsaver vs. HBSS 
 A bottle of EMT Toothsaver (Dentosafe) contains SCCM, a modified formulation 
of RPMI medium (59). Clinical studies have demonstrated its effectiveness as a tooth 
storage medium (20, 62). 6 out of 8 avulsed teeth stored in EMT Toothsaver (Dentosafe) 
showed periodontal healing with the median follow-up of 2.8 years (20). Its ease of use 
and high practicality in Germany also have been documented (64). In the present study, 
both EMT Toothsaver (Dentosafe) and HBSS were effective in keeping the HPDLF 
viable throughout the 48-hour observation time period. The HPDLF stored in EMT 
Toothsaver (Dentosafe) had a similar viability as those in HBSS for up to 12 hours. After 
24 and 48 hours of storage, however, a significantly greater number of the metabolically 
active HPDLF was observed in EMT Toothsaver (Dentosafe) than in HBSS. This result is 
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supported by a previously published study. Tekin et al. observed pulp cells of immature 
third molars that were extracted and stored in tooth storage media and reported the teeth 
stored in SCCM, the sole content of EMT Toothsaver (Dentosafe), had nearly twice the 
number of proliferative pulp cells than those stored in HBSS for up to 24 hours (60). 
 Interestingly, at 48 hours the amount of released ATP was the highest among the 
cells stored in EMT Toothsaver (Dentosafe). A similar trend was found in the HPDLF 
stored in HBSS; the average amount of ATP was the highest at the 48th hour, although it 
was not statistically different than those at 1- and 3-hour time points. These results 
indicate that the number of metabolically active HPDLF in EMT Toothsaver (Dentosafe) 
and HBSS increased at 48 hours of storage, suggesting that these two media promote the 
proliferation of the HPDLF. Similar results have been observed in different studies. 
Sigalas et al. found that the number of PDL cells in HBSS decreased from 0 to 24 hours 
and increased from 24 to 48 hours (47). A study by Souza et al. includes a bar graph of 
the viability of the HPDLF after storage in various storage media at 20 ℃. Although the 
manuscript does not specify the numbers of the values, it is clearly visible that the 
viability of the cells in HBSS increased over time, especially between 48 and 72 hours 
(55). Tekin et al. marked viable pulp cells using proliferating cells nuclear antigen 
(PCNA) and observed that the cells exposed to SCCM or HBSS increased in viability 
throughout the observation time, up to 24 hours (60). Hwang et al. showed that the 
viability of the cells stored in HBSS was steadily high, ranging from 92.9 to 96%, from 0 
to 24 hours (42). Pohl et al. observed outgrowing proliferation of PDL cells in teeth 
stored in SCCM for 24 hours. In the same study, it was found with an 
immunohistochemical investigation that the extracted teeth stored in SCCM had 
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increased proliferative activity in the cementoblast cell layer with increased storage times 
(59). The increased viability of cells as observed in our experiment and other studies can 
be explained with a cell cycle duration and the functional ability of cells after storage in 
media: Typical human cells in culture have 24-hour cell cycles (70); and Ashkenazi et al. 
showed that HBSS, especially with growth factor supplement, induced high mitogenic 
and clonogenic capacities of HPDLF (46, 71). It can be inferred from these two facts that 
the HPDLF in our experiment that were stored in HBSS had high mitogenic and 
clonogenic capacities and were able to proliferate in the number through the normal cell 
cycle. Whether this implication can be applied to the cells in EMT Toothsaver (Dentosafe) 
needs to be evaluated with further investigations.  
 
Osmolality and pH 
 The effect of osmolality of media on cell survival and growth has been 
demonstrated in past studies (25, 38, 45, 72). While cell growth occurred in media with 
an osmolality range of 230 to 400 mOsm/kg, a more optimal rate of cell growth was 
observed in media with an osmolality range of 290 to 330 mOsm/kg (45). By contrast a 
hypotonic medium, such as water, caused irreversible damages to cells (38, 72) and 
resulted in high chance of root resorption (25). Andreasen noted the similarity in 
osmolality and the substantial difference in chemical composition between saline and 
saliva, both of which had similar protective effect on teeth from root resorption; and 
remarked that the osmolality of media is more important than the chemical composition 
(25). This is further supported by Lindskog and Blomlof. In their study, sucrose solutions 
in different osmolality were prepared, and it was found that 10% of cells remained viable 
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in the hypotonic sucrose solution and 35% of cells survived in the physiological sucrose 
solution (72). 
 The results obtained in our experiment contradicts these findings. Our osmolality 
analysis showed that all the media, except for distilled water, had physiological 
osmolality values. Save-A-Tooth had the osmolality of 295 mOsmol/kg, which was 
within the optimal range for cell growth. The osmolality of EMT Toothsaver (Dentosafe) 
and HBSS were 331 and 279 mOsmol/kg, respectively. These values differ from the 
optimal range only by 1 and 11 mOsmol/kg, respectively, and are well within the 
osmolality range in which cell growth would occur. On the other hand, distilled water had 
an osmolality of 0 mOsmol/kg, which explains the detrimental effect on the HPDLF 
during the experiment. Our results showed that the HPDLF stored in Save-A-Tooth and 
water had the similar low viability after 24 hours. This implicates that other factors of 
media, such as electrolytes and nutrients, are more closely linked to viability of the 
HPDLF than osmolality is. This is supported by a few other authors. Marino et al. 
showed that both long shelf-life milk and regular pasteurized milk outperformed Save-A-
Tooth in protecting the HPDLF, despite of their similarity in osmolality (37). Hwang et al. 
found that green tea extract had the osmolality of 138 mOsmol/kg, which was the furthest 
from the ideal value in comparison to that of HBSS and milk; however, the green tea 
extract showed the best ability to maintain the HPDLF (42).         
 Cells can survive in media with pH level between 6.6 and 7.8, and the optimal 
growth occurs between pH 7.2 and 7.4 (73). A study with Gatorade by Harkacz et al. 
suggested that its low pH, 3, rather than its electrolyte composition, caused the negative 
impact on cell viability (74). Whether the pH levels of the tested media in our experiment 
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had significant effect on viability of the HPDLF cannot be concluded. In the descending 
order of the closeness to the physiological pH level, EMT Toothsaver (Dentosafe), HBSS, 
Save-A-Tooth, and distilled water had the pH levels relatively close to the physiological 
value. This order also coincides with the media in descending order of the effectiveness 
in maintaining viability of the HPDLF. Further study is necessary to find out whether 
these same orders of media are just coincidental or significantly meaningful.  
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SUMMARY AND CONCLUSIONS 
 
The results of our experiment suggest that both EMT Toothsaver (Dentosafe) and 
HBSS effectively maintained the viability of HPDLF for 48 hours, giving slight 
advantage to EMT Toothsaver (Dentosafe) over HBSS. On the other hand, Save-A-Tooth 
was effective only for 6 hours, at which point it started losing its efficacy and became as 
detrimental to HPDLF as water was by the 24th hour. Within the limitation of this in vitro 
study, it can be concluded that EMT Toothsaver (Dentosafe) is a practical and effective 
medium for long-term storage of an avulsed tooth and can be an alternative choice to 
HBSS. Save-A-Tooth is not a suitable medium to store an avulsed tooth greater than 6 
hours. 
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